In this work a new lightweight LiDAR solution designed for UAV application will be investigated. In particular, we show that using this multi-echo LiDAR it is possible to obtain DTM reconstruction of the densely forested area surveyed in good agreement with the local technical regional map (CTR). We have also estimated the mean height of the trees from the estimated CHM with relative error equal to 5%.
INTRODUCTION
Airborne Laser Scanning (ALS) is increasingly used in support of forest resources inventory and monitoring, [1] - [4] , but high cost of the surveys, especially for small surveyed areas [5] , limits applicability. In particular, multitemporal surveys, which are of relevant importance in monitoring forest ecosystems at the small-scale level, are in many cases not affordable. The largest part of the cost is due to renting the aircraft with its crew, be it either helicopter or airplane of different sizes. Moreover, minimum height of flight for manned aircraft is limited by security issues and regulations, and this limits achievable density of the survey. Recent progress in remote and autonomous control technology led recently to rapid growth of use of Unmanned Aerial Vehicles (UAVs) to carry active or passive sensors for aerial surveys, especially in small-area cases. A nonexhaustive list of UAV applications in survey includes agriculture [6] land cover [7] , rapid terrain mapping [8] . In the LiDAR field the capability of UAVs to fly at lower altitudes and slower speed than man-driven aircraft results in higher point density, which is quite important for forestry applications [9] , however large weight and size of most LiDAR sensors prevents their use with small UAVs, governed by less restrictive regulation, and requiring very simple and cheap logistics. For these reasons, in this work we assess the performance of a very light and small LiDAR [10] , especially appropriate to be carried on a UAV, for this feasibility study mounted on an ultralight helicopter. The data derived from the survey has been subject to qualitative and quantitative assessment through a comparison with ground-truth data.
MATERIALS AND METHODS

Study area
The study area, fig. 1 fig. 1 , with special focus on a square plot of 1 ha area (side 100m), monitored by the University of Molise. To assess ALS performance we used ground data collected during the field surveys carried out in 2008 in the framework of the project "Innovative methods for the identification, characterization and management of old-growth forests in the Mediterranean environment".
ALS Data
The scan was performed using a YellowScan LiDAR [10] , mounted on an ultralight helicopter. Yellowscan is integrated with internal INS capability and GPS receiver. GPS enhancement by RTK was planned, but did not succeed, due to radio link failure. For this reason, georeferencing accuracy was limited by GPS precision.
Dimensions, weight and power consumption of this LiDAR are 15×15×15cm 3 , 2kg, and 20W respectively. Such characteristics make this LiDAR a good solution for light UAV applications. YellowScan operates up to 100 m above ground level. It provides high density measurements with a positioning accuracy of 1m. The typical scan angle range is ±25° and can be increased up to ±50°. The system provides up to 3 echoes per shot, allowing to get topographic information under vegetation cover. Data were taken in a single flight, on Oct. 4, 2013. The raw ALS data were processed using LAStools software, [11] . Scanned area was composed of ten strips, labeled as L0-L9. In fig. 1 , the strips are shown; in particular the strip which doesn't show overlapping with other strips is L0. For every strip we computed the total points density, ground-only points density and the ground points density referred to the echo return, as shown in Table 1 . All strips show a total density greater than 10 pts/m 2 , the minimum and maximum of the total density are obtained for the strips L0 (11.27 pts/m 2 ) and L3 (63.65 pts/m 2 ) respectively. It is also important to note that in all strips we also obtained second and third returns, classified as ground. The strip labeled as "merge" was obtained by merging strips L1 to L9. After removing noise points (outliers), the points were classified as ground / not ground, then the normalized height and the TIN interpolation of the raster surfaces (DTM and DSM), for L0 and merge strips, were computed. We also computed the canopy height model (CHM), as difference of the heights estimated by digital surface model (DSM) and digital terrain model (DTM). 
RESULTS
Processing the ALS data labelled as "merge" in the previous section, we were able to estimate DTM and the mean height of the trees respectively. In particular in order to check goodness of the estimated DTM we have compared it with the one interpolated from the contours of the local technical regional map (CTR) at scale 1:10,000 (DTM_CTR). Applying linear regression to these two datasets, fig.2 , we obtained good fitting of the ALS data, in fact the coefficient of determination (R 2 ) is close to unity. Although the angular coefficient of the regression line was close to unity the intercept was not equal to zero. Such difference is probably motivated by two factors. The first is height difference between the geoid, used as reference in the CTR map, and ellipsoid of WGS84, used in the GPS system. The second is a possible bias in the photogrammetry-based CTR map due to dense canopy in the area. We also compared the tree height estimated by CHM with ground truth data. In this case we were able to estimate the mean height of the trees from the estimated CHM with relative error equal to 5%. In fact, the mean height measured on the ground and measured from estimated CHM were 27.55m and 29.02m respectively. Due to geo-referring error of the individual trees (both as scanned, and as surveyed on ground) it was not possible to define a linear relation between the two datasets, but the overall agreement of the estimated CHM with ground truth is remarkable, also taking into account that ground truth was 5 years old, so that some growth of the trees is quite likely.
CONCLUSIONS
Based on our considerations on these preliminary results, we believe that the Yellowscan LiDAR can be used for forestry application. In fact, using the ALS data we were able to estimate DTM with error consistent with GPS errors, and the mean height with relative error within 5%. This preliminary results show that the YellowScan LiDAR is able to estimate forest parameters in area-based approach. Better georeferencing is necessary to improve quality of the surveys: use of differential and/or multi-constellation GNSS receivers could enhance the result substantially. Yellowscan, being the lightest LiDAR available on the market at the time of the survey, is suited for light UAVs complying with simplified regulations for UAVs weighing less than 25kg, already in force or being drafted in EU countries.
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